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Novel Aminopyridine^Derivatives 

Fietd of appl ication of the invention 

The invention relates to novel aminopyrldine derivatives, which are used In the pharmaceutical industry 
for the production of pharmaceuttcal compositions. 

Known technical baokaround 

In the German Patent implication DE 2504252 and In the European Patent AppHt^tlon EP 0125756 3H- 
imidazo[4,5-b]pyrldine derivatb/es with antkJicer activity are described. 

Description of the invention 

|t has now been found tiiat the aminopyridine derivatives, which are desaibed In greater details below* 
hiava unanticipated, originative and sophisticated structural features and surprising and particulariy 
advantageous properties. 

The Invention thus relates to cbmpounds of formula 1 




In which 

R1 is hydrogen or 1-4C-alkyI- 

R2 is hydrogen, halogen, hydro)Qfl, nitro, amino, l-7C-alkyl. trifluoromethyl, S-ZC-^voloalkyl, 3-7C- 
cycloalkirt-1-4C-aikyl, 1-4C-a«coxy, completeiy or predominantly fluorine-substituted 1-4C>alkoxy, 
1-4C-aU<Qxy-1-40.allcyl, 1-4C-alkoxy*1-4C-allcoxy, 1-4C-alko)cycarbonyI, mono-ordl-1-4C- 
alkylamlnocarbonyl, mono-ordl-mc-alkylamrnosulfonyl, 1^C-alkylcartJonylamlno, 1-4C. 
alkylsulfbnylamino, phenyl. R21- and/or R211-substituted phenyl. phenyl-1-4C-alkyf. phenyl-1-4C- 
alkyi wherein the phenyl moiety is substituted by R22. phenyl-1-4C-aIkoxy, pyridyl. pyridyl 
substituted by R23, pyridyl-1-4C-alkyl, pyridyi-1-4C-a|kyI wherein the pyridyl moiety is substituted 
by R24, in which 

R21 is cyano, halogen, cart^oxyl, 1-4C^|kyl, 1-4C'alkoxy, aminocari?onyl, mono- or dl^1-4C- 

allq^aminocarbonyl, 1-4C-^IIq^carbonylamlno, 1-4C-alkoxycarbonyl, amlnosulfonyl, mono- ordi- * 
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1-4C-alkylaminosulfonyl. amino, mono- or eli-1-4C-alky?amrno, trifluoromefliyl. hydroxyl, 
• phenylsulfbnylamlno or phenyl-1-4C-alko)v, 

R211 is halogen or 1-4C-all«»v. 

R22 Is halogen. 1;4C-€ill^ or 1-4C-alkoxy, 

R23 i$ halogen. 1-4C-alM or 1-4C-allcQxy, 

.R24 Is halogen. 1-4C-aikyl or 1-4C-alkoxy, 

R3 is hydrogen, halogen, l-4C^alKyl or 1-4C-allcox)r. 

R4 Is 1-4C-alkyl, 

and the salts, the N-oxides and the salts of ttie Noxides of these compounds. 

1-4C-All<yl Is a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples are the ■ 
butyl, isobutyl, seorbutyl. tert-butyl, propyl. Isopropyl. ettiyl and methyl radicals. 

l-TOAIKyI is a straight-chain or branched all«yl radical having 1 to 7 carton atoms. Examples are the 
heptyl, isoheptyl (5-methyIhexyl). hexyl. tsohexyl (4-{nethyipentyl>. neohexyl (3.3^1imethylbulyO, pentyl. 
Isopentyl {S-methylbutyl), neopeniyi {2,2-dimethylpropyl), butyl, isobutyl, aec^iutyl, tert-buiyl. propyl, 
Isopropyl, ethyl and methyl radicals. 

1-4C-Alkoxy is a radical >«hlch, in addition to the oxygen atom, contains a straight^d^ain or branched 
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms whjeh may be 
mentioned In this context are, fbr example, the bultwy, isobutoxy, seo^utoxy. tert-butoxy, propoxy, Iso- 
propoxy, ettioxy and metho}^ radicals. 

3-7C-<^oaIkyl stands for cyclopropyt, cyctebutyl. cyctopentyl. (yclohKsyl and cyolohep^, of which 
cyclopropyl, ^dobulyl and c^topentyl are preferred. 

3-7C-Cycloalkyl-1-4C-alkyl stands for one of flie abovementtoned 1-4C-alkyl radicals, which Is 
substituted by one of the abovementioned 3-7C-cycloaM radicate. 3-7C>Cydoalkyl-1-20alkyl. 
particularly 3-7C^cloalkylmethyl, radicals are to be emphasized In this connection- Examples which 
may be mentioned are the cydopropyimethyl. the cyclohexylmethyl and the eyctohexylethyl radicals. 

- Halogen within the meaning of the present Invention Is iodine, bromine, chlorine or fluorina 

Completely or predominantly fluorine-substituted 1-4C-alkoxy is, for example, the 
2,2.3.3,3-pentafluoropropoxy, the perfluoroethoxy, the 1,2,2-trifluoro8thDxy and in particular the 
1.1,2,2-tetrafluoroethoxy. the 2,2,2-trifluorDethoxy, the trifluoromethoxy and the difluorometHoxy radical 
of which the difluoromethoxy radical is preferred. "Predominantly" in this connection means that more 
than half of the hydrogen atoms of the 1-40alKoxy groups are replaced by fluorine atoms. 
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1r4C-Alkoxy-1-4C-aIkoxy stands for one of the abovementioned 1-4C-alkoxy radicals which Is 
substituted by the same or another of the abovementioned 1-4C-alkoxy radicsajs. Examples which may 
be mentioned are the 2-(methoxy)ethoxy (-O-CHz-CHa-O-CHa) and the 2-{ethoxy)ethoxy radical 
(-O-CHa-CHrO-CHa^^Ha). ' 

1-4C-Alltoxy-i-4C-allqrI stands for ewe of the abovementioned l-4C-alKyl radicals which is substituted 
by one of Oie abovementioned 1-4C-alko>qr radicals. Examples which may be mentioned are the 2- 
ethoxyethyi and the 3-methoxypropyl radical. 

h^oino- or D!-1-4C-alkylamino radicals contain in addition to the nitrogen atom, one or two of the 
abovementioned 1-4C-alicyl radicals. Preferred are the di-1-4C-aikylamino radicals, especially the 
dimethylamino, the diethylamino and the dfisopropyiamino radicals. 

Mono- or Dh1-4C-alkylaminoearbonyl radicals contain In addWon to the carbonyl group one of the 
abovementioned niono- or di-1-4C-aIkylamino radicals. Examples which may be'mentior^ are the N- 
methyl- the N,N-dimethyl-, the N-ethyl-, the N-prDpy^, the N,N-diethyl- and the N- 
isopropylaminocarbonyl radi^. 

Mono-or Di-1-4C-alkylaminosulfbnyl stands for a sulfonyl group to which one of the abovementioned 
mono- or dl-1-4C-anq^amino radicals bonded. Examples which may be mentioned ar& the 
methyiaminosulfonyi. the dimethyiaminosulfbnyl and the ^hylaminosulfbnyl radical. 

An 1-4C-Alkylcart>onylamlno radioai b, for ©cample, the propionyiamino [C3H7C(0)NH-] and the 
aoeiyiamino radksat [CH3C{0}NH-]. 

An 1"4CTA»qrtsulfonylamino radical Is, for example, tite propylsulfonylamino [CaH7S(0)2NH-] and the 
methyisulftinyiamino radical [CH3S(0}2NH-]. 

1-4C-AII«»q^rt)onyr is a carbonyl group to which one of the abovementioned. i-4C-€UKoxy radicals is 
bonded. Examples are the methoj^rbonyl [CH90-C(OH and the ethoxycarbonyl [CHaCH80-C(0H 
radicals. 

Phenyl-1-4C-«lkoxy stands for one of the abovementioned l-4C-all«»^ radicals, which is substituted by 
the phenyl radical. Examples which may be menfioned are the benzyloxy and the phenethovy radical. 

Phenyl-1-4C-alkyl stands for one of the abovementioned 1-4C-alkyl radicals, which Is substituted by a 
f^enyt radical. Bomples which may be motioned are the phenethyl and the benzyl radical. 

Pyridyl-l-4(>allq^ stands fbr one of the abovementioned 1^4C-ali^ radicals, which is substituted by a 
pyridyl radical. Examples which may be mentioned are the pyridylethyl and the pyridylmethyi radical. 
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N-0)dde denotes the N-Cddde on the pyridine whidi is substituted by R4. 

Compounds aooording to Ihls invention virtildi may be mentioned include for «£ampte compounds of 
formula la 




in which R1 and R4 have the meanings given above and A suitably indudss 3H-imida2o[4.5-blpyridin-2- 
yl, 7-methyl-3H-lmida20[4.B-b]pyrfdin-2-yl, 5,7-<limethyl-3H-imldazo[4,S-b]pyndin-2-yl. 5-methoxy-3H- 
imidazo[4,S-blpyridln-2-yl.6-brom-^Hmida2o[4.S-b]pyridln-2-^1.7H^ 

yl, 7-hydroxy-3H-lmldazoI4,S-blpyridln-2-yl. 7-ethoxy^H-lmldgEol4,5-blpyridin-2-^, 7-<2-methoxy- 
ethQxyHmlda20[4,5-b]pyrldm-2-^, 7K1.1.1-wnuoroethoxy)-5mmWaa)I4.5-blpyridln-2-yl, 7- 
(phenylethoxy)-3H-lmldazoI4,5-blpyndln-2^l. 7-(phenylethyD-3H-4mIdazoI4.5-blpyridin-2-yl. 7- 
(1olylBthyO-3H-imid9»I4.54>lpyridlrv4l-yl,7Kpyrid-4^1ethyih3H-lm^^ 
ytethyI)-3H^mida2o[4,5-blpyridin-2-yl,7-^pyn'd-3-ylethyl)-3HHmidazo[4,54>lpyri*^ 
metho)typyrid-2-ylethyi)-3H-lmldazo[4,5-blpyrid}n-2-yl, B-phenyl-3H-imlda20l4.5-blpyridin-2-yl. 6-n-fauiyl- 
3H4midazo[4.5-blpyridin-2-yl,6K4HTi6tho>jyphenyI)-3H-imidazoI4,5-b]pyridln-2-yi.6-(4^^ 
3H-lmidazol4;5-*lpyrldifv^2-ifl.6Hiitro-3H-imidazoI4,5-blpyridin-2-^,6 
b3pyrid»n-2-yi/6-(4"Cyanophenyl)-3H-fmIdazot4.54j}pyridIn-2-yl,6-methyl-3^ 

6^uoromethyl-3H-lmida2o{»,5-b]pyrWln-2-yl, 6-lodo-3H-imtdasa3[4,5-bJpyrldin-2-yl, 6-(4-amInophenyl)- 
3H-lmldazoI4,5-b]pyridln-2-yl, 6-(4-dimelhylamlnophenyl)-3H-imlda20[4,5-blpyridln-2-yl, 6-(4- 
hydroxyphany|)-3H-*nidazoI4.54>lpyridln-2-^,6K4-trtfluoromethyl^ 
6K4-phenylsulfonylamlnophenyi)-3H^mldazol4,54)lpyridin-2-yI.&<3,4^lme*^ 
imidazo[4,5-b]pyridln-2-yl,6-(3.4-dichlorophenyO-3H-imidazol4,5-b]pyridin-2irt,B^^^^ 
3H-imida2oI4,5-blpyridin-2^,6-(4-ben2yloxyphenyO-3H-imida20[4,5-blpyridin-2-yl. 6-(4-benzylo>cy-^ 
fluoro-phenyl)-3H-imidazoI4.5-blpyridin-2-yl, 6-(3-methyl-butyl)-3H-fmidazo[4.5-blpyridin-2-yl» 6- 
cyclohexylmethyi-3H-imldazol4.5-blpyridin-2-^, 6.benzyl-3H-lmldazoI4>b]pyTidin-2-yl, 6-ethyl-3H- 
{midaM[4,5.b]pyridin-2-yl,6-isopropyMH-imidazoC4.54>]pyridin-2-^.6HH>ent^ 
blpyridin-2-yi.6-(4-ohlorophenyI)-3H-imldazot4.54)]pyrldln-2-yl. B-(4-fluoTophenyl)-3H-imidazo[4,5- 
blpyridln-2-yl. 6-<2-fluorophenyl)-3H-imida2bI4.6-blpyridln-2-yl, 6-(4-bromophenyi)-3H-imida2o[4.5- 
blpyrtdln-2-yl.6-(3-bromophenyl)-3H-imldazo[4.s-bjpyridin-2-yl, 6-<3-methyIpheny))-3H-imida2o[4,5- 
blpyridin-2-yl,6-phenethyI-3H-imidazoI4.5*]pyridin-2-yl,6-(3-phenylpropyl)-3H-lmlda20I4,^ 
yl, 6-(443romo-phenyl-methyl)-3H-imidazo[4,5-bJpyridin-2-yI,s-(4-acetamido-phenyI)-3H-imW 
b)pyrldin-2-yI. 6-(4-methoxycarbonyl-phenyl)-3H-imidazo[4,S4)lpyridin-2-yl, 6-(4-carboxy-^>henyl^^ 
imidaro[4,54)lpyridln-2-^l.6-methoxycarbonyl-3H-imida2m[4,5-b]pyridin-2-y|. 6-(4-dimethylamIno- 
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«rboM-phe,vl)-3H-lmrdazoK^^^^^ 6K4^imethylaminosu.phonW-phenyl)-3H-lmfda.or4 5- 

blpynd,n.2.yl, 6K4^lethylamlno5ulphonyl-phenyl).3H.imidazoI4.5-blpyri^^^^^^ 6.(4- * 
me^lamlnasulphony^^^^^^ 

4^imelhylamFnosulphonyH)henyl)^H-lml<tot4,&*JpyridIn.^^ -l-*-nuoro 
suitebia salts for compounds of formula I . depending on substitution - are aH acid addition salts or all 
organic ac,ds and bases customarily used in pham.^^^^ 

insoluble and. particularly, water^oluble acid addition salts with acids such as. for example 
hydjx^chlorloacld hydrobromlcacld. phosphoric add. nitric add. sulphuric acid, acetic acid.'cltric acid 
D^.™cld. ben^olcacld. 2K44.yd,.xyte^^^ 

malelcacld. launcacld. malleacld. lumario add. succinic add. «cailcadd. tartaric acid, embonicacd 
s^ncadd. tojuenesulpbonlaadd. methanesulp^^^ 

being employed .nsaftprepa^tion-dependlng on whetheramono-orpplyte^^^ 

dependmg on whldi salt is desbed - m an equlmolar quantflatfve mo or one differing ther^fK>m. 

Oathe other hand, salts with bases are - depending pn substitution - also suitable. As examples of salts 
wHh basesaremenuoned «.e lithium, sodium, potassium. calcium, aluminium. magne^um 
ammonium, meglumine or guanldmlv/m salts, here, too, the bases being employed In salt prBparation In 
an equlmolar quantitative ratio orone dKfbring thereftom. Pf^Paranon in 

P^parabon of the compounds according to the Invention on an Industrial scale. a,B converted Into 
pharniacologicalV tolerable salts by processes known to the person skilled In the art 

Aax,rdlng to experiTs knowledge the compounds of the invention as well as their salts m'^ contain a q 
when isolaled.in cryslalHne fbm,. varying amounts of solvents. Induded within the scope of the ' 
fnventwn are therefore an solvatasand In particular all hydrates of the compounds of fbrmula I as well 
as all solvates and In particular all hydrates of the salts of the compounds of ibmiula I. 

A person skHled In the art knows on the base of hlsflier expert knowledge that the compounds 
according to this Invention can exist, with regarxl to the fused Imldazo ring. In dlffeiBnt tautomeric fomis 
such as e.g. ,n the LH femi or. preferably, in the form, whldi is shown In fbrmqla I. TTie Inventten 
.ncludes all conceivable taulomers in pure fom, es well as in any mWng ratio. Partlculariy the present 
invenbon indudes the pure l-H-and. preferably. S-H-tautomers as well as any mbdui^s thereof. 

^mpounds aoconiing to this Invention worthy to be mentioned are those compounds of fom>ula I in 
R1 Is hydrogen or 1-2C^|ky|, 
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R2 is hydrogen, halogen, phenyl, or R21 -substituted phenyl, In which 

R21 Is 1-4C-alKyl, cyano, halogen, mono- or dM-4C-alkylamIno or trffluoromethyl, 

R3 Is hydrogen, 

R4 Is methyl, 

and the salts, the N-oxtdes and the salts of the Noxides of these compounds, 

Compounds accortling to ttiis Invention more worthy to be mentioned are ftose compounds of formula I 
m whloh 

R1 is hydrogen, methyl or ettiyl, 

R2 is hydrogen, iodine, bromine, phenyl or R2Vsubstiluted phenyl, In which 
:R21 Is methyl, cyano, chlorine, fluorine, dimethylamino or trifluoromethyl, 
R3 is hydHDgen, 
R4 Is methyl, 

and the salts, the N-oxIdes and the salts of the N-oxIdes of these compounds. 

The compounds of fomiula I according to the invenfion are, depending on the meanings of R1, chlral 
compounds. The invention includes all conceivable enantiomers in pure fom as well as in any mixing 
ratio including the racemate. 

A special embodiment of the compounds of the present Invention Include those compounds of fonnula I 
In which R4 Is methyl, 

Another special embodiment of the compounds of the pr»ent Invention include those compounds of 
formula I In which R3 Is hydn^en. 

Anotiier special embodiment of me compounds of tiie present Invention include those compounds of 
formula I In which R1 is ethyl or, particularly, methyl. 

Another spedal embodiment of Bie compounds of the present Invention Include tiiose compounds of 
fonnula I In whidi R1 Is hydrogen. 

Anotiier spedal embodiment of fl^e compounds of ttie present Invention Include those compounds of 
formula I in which R1 Is hydrc^en and R4 is metiiyl. 

Another special embodiment of tiie compounds of tt^e present Invention include tiiose compounds of 
formula I in which R4 is methyl and R3 is hydrogen. 

Another special embodiment of the compounds of tine present invention Include those compounds of 
formula I in which R4 Is mettiyl, R3 is hydrogen and R1 Is etiiyl» or in particular methyl, or In more 
particular hydrogen. 
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Another special embodiment of the compounds of the present Invention include those compounds of 
fomnula l In which the substituent R2 is bonded to the 6-positlon of the Imldazopyridlne ring system. 

The substlluents R21 and 1^1 1 of compounds according to this invention can be attached In the ortho 
meta or para position with respect to the binding position in which the phenyl ring is bonded to the 
imldazopyridlne ring system, whereby a special embodiment of the compounds of the present Inventlor 
include those compounds of fbnnula I m which R21 1 is hydrogen and the substituent 1^1 {s attached ii 
the para'position. 

The compounds of fonnula I' according to the invention can. for example, be prepared according to 
those synthesis routes specified and shown below orin a manner described byway of example in the 
following examples or analogously or simllarty thereto. 

Rsactton scheme 1 below shows by way of example the preparation of compounds of fbmiula I, in 
which R1. 1^, R3 and fW have the meanings indicated above. In a first reaction step, diamine ' 
compounds of formula v; in which R2 and R3 have the meanings indicated above, are converted into 
3H-lmida2o[4.5-blpyridine derivatives In a manner known fiwn the iltereture or with analogous or similar 
use of processes known from the literature. For example, said compounds of fbmiula Vcan be reacted 
with carboxyllc acids or oarboxylic acid derivatives of formula IV. in which R1 has the meanings 
indicated above, Y is a suitable leaving group, advantageously chlorine, and X Is a oyano or cartjoxyl 
radical, to give in a condensation reaction compounds of formula ill, in which R1. R2, R3 and Y have 
the meanings mentioned above. This condensation reaction can be carried out as known to one of 
ordinary skill in the art or as described by way of example in the following examples, for example, by 
using a suitable condensing agent such as preferably polyphosphoric acid In a suitable inert solvent or. 
preferably, without further solvent using an excess of condensing agent, preferably at elevated 
temperature, in particular at ISO'-iTO'C. 

/Mtematively. compounds of the formula III can be also obtained by art-known procedures according to 
literature (e.g. as described in L Bukowsici et al.. Ph^miazie 1999. 54(9), 651-654 or G. Cleve et al 
Liebigs Ann. Chem. 1971. 747, 158-171). 

Compounds-of formula III. In which R1. R2. R3 and Y have the meanings mentioned above, can be 
converted with certain phosphanes Into connespondlng phosphonium salts. Preferably, compounds of 
fomiula III are reacted with tributyfphosphane or triphenylphosphane to give corresponding compounds 
of formula II. in which R1. R2, R3 and Y have the meanings mentioned ebove and R is butyl or phenyl. 
Said reaction can be can-led out In a manner habitual per se or as described in the following examples 
In a suitable solvent such as. for example. acetonltrHe or N.N-dimethylfonnamide or a mixture thereof 
at elevated temperature, preferably at 90M50-C, optionally in the presence of an auxiliary such as 
tetrebutylammonium iodide. 
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Reaction sf^eme 1: 



R\ B1-CHY-X 
(V) 




1, WUtis resctton 



"CHO 




(II) 



lemoval 
S. tiydrogsnatlon 




compounds of formula U, in which R1 . R2. R3 and Y have the meanings mentioned above and R is 
butyl or phenyl, are reacted with compounds of fbmiula VI. in which R4 has the. meanings given above 
and PGI represents a sultabie amino pmiecUve group, for example trityl or one of those mentioned In 
-Protective Groups In Organic Synthesis" by T. Greene and P. Wuts (John Wney t Sons. Inc. 1099. 3 
Ed ) or in "Protecting Graups CThieme Foundations Organio Chemistry Series N Group- by P. KodenskI 
(Thieme Medical Publishers. 2000). Said reaction can be earned out In a manner as descnbed In .the 
following examples or as known to the person skifled In the art according to a Wttllg reaction. In Ihe 
scope of this invention, said WrtUg reaction is prefterably canied out in a suitable solvent such a^. for 
example, methanol, tetrahydrofui^e. toluene or a . mbdure thereof, using a suitable base such as. for 
example, sodium hydride or sodium methanolate. at room temperature or at elevated temperature, 
preferably at 20--80-C. With regard to the configuration of the exocyclic double bond obtained by Withg 
rBBcKon. the outcome can be a Z- or E-configurated product or. In particular, a mixture thereof. 

in the step following the Wittig reactton. the compound(s) obtained are converted Into the 
corresponding free amino compound(s) by removal of the abovementtened protective group PQ1 .n a 
manner oustomaor per se. For example, when PG1 is trityl. detrilylailon can be obtained, fbr example. 
With the aid of aqueous acetic acid according to the procedure specified in the following examples. 

The reduction of the abovementloned exocydic double bond following the deprotection reaction leads to 
desired compounds of formula I. in which R1. R2. R3 and R4 nave the meanings given above. This 
reaction can be canied out as hydrogenation reaction according to procedures known to the person 
skilled in the art or according to ihe.following examples In the presence of a suitable catalyst, such as. 
for example, palladium on active carbon or platinum dioxide, in a suilable solvent (e.g. In a lower 
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alcohol, such as, fop example, methanol). If necessary, add, such as trifluoraceWc actd or acetic add 
can bs added to tile solvent. ' 

Compounds of fomiula IV are commerdally avaHabfe or can be obtained m a known manner. 

compounds of formula V are also commercially avaHaWe or are known e.g. from S.-X. Ca( ei a!., J. 
■ Med. Chem. 1997, 40(22). 3679-3686 or from Cugda et a!., Bloorg,.Med. Chem. Lett 1998. 22, 2749- 
2754 or can. be prepared according to reaction scheme 2. 

Reaction schente 2: 

"hz: — --be — 

w m (V) 

As shown In reaction scheme 2. In a first step compounds of formula Vlll, In which R3 has the 
meanings mentioned above and W1 is a suitable leaving group (e.g. iodine or bramlne), are reacted 
with boronic acids or boronic acid esters of fbmiula R2-Z1, in which R2 is suitably phenyl or, in 
particular. R21- and/or R211 -substituted phenyl and Z1 ts a boronic add group or a bbronlc add eater 
group, under. condfUons appropriate for a Suzuki reaction to occur to give the corresponding 
compounds of formula VII. 

Suitably, the Suzuki reaction is canried out as it Is known to the person of ordinary skHI In the art and/or 
In a manner as it Is described below and spedffed by way of example In the fbllowing examples or 
analogously or. simllariy thereto. 

The nftro group of compounds of fonnula VII is reduced in an art-known manner or as described In the 
fbllowing examples (e.9. with the aid of tin dichloride or by hydrogenatfon in the presence of a palladium 
catalyst) to give the corresponding diamine compounds of formula V. 

Compounds of fomiula Vlll are known (e.g. commerdlallyavanable) oroan be prepared according b 
known procedures or analogously or similarly thereto. 

Compounds of fomiula R2-Z1 are also known (e.g. commerdally avaOaWe) or oan be obtained in an 
art-known manner or analogously or slmllariy thereto. 

Compounds of fonnula Vi, in whidi R4 has the meanings mentioned above and PG1 represents said 
suitable protective group, can be obtained, for example, as described in the following examples or as 
outlined in reaction scheme 3. 
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in a first step tha amino group of ester oompounds of formula X, In whioh R4 has the meanings 
indicated above and the moiety -CO^R* is preferably a methyl ester group, is protected by 
abovementloned suitable protecSve group P61 , preferably trityl. under standard conditions to affbrd 
corresponding compounds of formula IX. 

Reaction scheme 3: 




In a second step the ester group of compounds of formula IX, In which R4 has the meanings mentioned 
above and PG1 represents said suitable protective group, is reduced to give the desired compounds of 
formula VI. Said reduction reaction is carried out as described in tiie following examples or as icnown to 
the person skilled in the art using elective reducing agents such as. for example, suitable metal . 
hydrids, particulariy diisobutyialuminium hydride, in suitable solvents (e.g.. toluene), optionally at 
reduced temperature. . 

Compounds of formula X, in which R4 has the meanings given above, are eiflner known (see e,g, 
Markees et ai. J. Am. Chem. Soc. 1956, 78, 4130-4133) or can be prepared as shown In the reaction 
scheme 4. 

ReacBon scheme 4 shows by way of example me synthesis of compounds of formula X, in which R4 Is 
1-4C-alkjfl, particulariy methyl; starting Itom corresponding wmpounds of formula XI, In which PG2 
represents a suitable protective group, prefsrably ace^. Thus in a first step, said compounds of 
fbnnula XI are subjected to an oxidafron reaction. This oxidation can be earned out in an art-known 
manner or as described in the following examples using a suitable oddiang agent, sudi as, for 
example* potassium permangante. in a second step following oxidation the compounds obtained are 
converted Into corresponding ester compounds — preferably the methyl ester compounds - of formula 
X. Said conversion can be cam'ed out according to an art-known manner or as described in the 
following examples, e.g, using methanoifc hydrochloric add, preferably at boiling temperature, to obtain 
the methyl aster. 

Reaction scheme 4: 
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compounds of formula XI are known (e.g. from M. Beloher. J. Am. Soo. 1952. 74. 1916-1918) or can 
be prepared analogously or simflarly to known procedures. 

Altenaavely. compounds of fbmiula VI. In which R4 is methyl and PG1 has the meanings given above 
can be also prepared according to the process ouUlned m reacHon scheme 5. 

. Reaction scheme 5: 

O CI "s®v I.HBrCHjCOOH 



pel— jjJ^^kP^cho 



1. OesacQtyiafim 

2. PmtaellontiyP6l 




1. C-Vliiyte||an 



In an alteVnaiive. compounds of forniula I. In which R1 is hydrogen and R2. R3 and R4 have the 
meanings given above, can be also obtained by the precess shown m reaction scheme 6. described 
below and and specified by way of example In the following e)(amples. 

Thus, carbonic acid compounds of fomiula V. in which R1 and R2 have the meanings given above are 
amidifled wKh dlamino compounds of formulae XII or XIII. In which R4 and PG1 have the meanings • 
mentioned above, m a mannercustDmary per se to the skilled person using suitable amide bond linking 
reagents (e.g. 0-Ketho)cycarbonyl)oanomethylene^ino]4M.N,N',N'.tetramethyluronium tetra^ 
fluoroborate). the protective gmup PG1 is removed In an art-known manner and the amide is cyclized 
with the aid Of an appropriate condensing agent (e.g. polyphosphorlo aoM) at elevated temperature. If 
the process started fmm compounds of .fomiula Xllt. the double bond is hydregenated aften«a«Js using 
standard procedures. ' 

Accordingly, compounds of formula XII can be obtained fmm compounds of formula XIII by selective 
hydrogenation of the e>cocyolic double bond In a manner known to the skilled person (e.g. in the 
Pf]esence of palladium on «rt»on). 

Compounds of fomiula Xill can be prepared starting from compounds of fbmiula VI tv lenglhening of 
ttieexocydic carbon chain, fbrexample. by a Wittig reaction or. parttcularty. by a condensation r^cBon 
(with a malonic acid derivative, particularly with a malonto add ester derivative) and subsequent 
saponlfteatlon of the ester group. Said reactions can be carried out in a manner known to the skUied 
person or as described in the following examples or analogously or simOariy thereto. 
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PG1— I 
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1. conaeneeeon vmn a Biflst^te nidaiycsctd esier deitvaiivs 

i 




Hydrogenatloit 



O-H 



P61-J} 

(xm) o (XII) 

1. Amite tonnaltonX R'-'^it^ ^gX^ / l.Amlitetormi 
4. Hydroganallon \ (V) 




O-H 



P61 

3. Cydtzaqon 




In a further alternative, compounds of fomiula I, In which R1, R3. R4 hayethe meanings given above 
and R2 is phenyl or R21- and/or R211 -substituted phenyl, can be also obtained as shown in reaction 
schemeT and spedfied by way of Kcample in the following examples. 

Reaction scheme?: 





Compounds of tbrmula XIV. in which R1, R3 and R4 have the meanings mentioned above and W2 is a 
suitable leaving group (e.g. iodine or bromine), are reacted with boronic acids or boronic add esters of 
formula R2-Z1. in which R2 is suitably phenyl or, In particular. R21- and/or R2'l1-subsatuted phenyl and 
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Z1 fe a boronta acid group or a boronto acid ester group, under conditions appn>priate for a SuEuici 
reacbbn to occur. 



Compounds of formula XiV. in which R1. R3 and R4 have Ihe meanings mentioned above and W2 is a 
suitable leaving 9«,up (e.g. iodihe or bromine), can be prepared acconiing to tiie synthesis route, 
disclosed in this invention eras descn^bed in the following examples or anaiogousbr orslmilarly IhBwto^ 

In still a ftirther altemafive. compounds of fomiula I. in which Ri is hydrogen, R3 and R4 have the 
meanings given above and R2 is phenyl or R2l-.and/or R21 1 substituted phenyl, can be also ofatair^d 
as shown in reaction scheme 8 and specified by way of example in the following examples 



Reaction scheme 6: 



R3 



tr^^MHg PG1-| 
W) *^ ^ (Xll) 




O-H 



1 . Amldo fbrmaSoA 

2. Removal of PGi 

3. Suzuid leaetbn wtPi R^Zi/cydteafion 




AS Shown in reaction scheme 2. compounds of formula XV. in which R3 has the meanings given above 
and W3 IS a suitable leaving group (ag. iodine or bromine), can be com/erted with compounds of 
fomr>ula Xll, in which R4 and PQt has the meanings mentioned above, via amfdetiond formation 
reaction, removal of the pnatsctive group PG1 and, finally. Suzuki reaction with compounds of fonnuia 
R2-Z1. in which R2 is phenyl or R21. and/or R21 l^sUbstituted phenyl and 21 has the meanings given 
above, into con«sponding compounds of femiula I. whereby under the conditions appropriate for the 
Suzuid reaction to occur simultaneously cydlzation takes place. 

Suitably, the Suzuid reactions accoiding to this invention are canled out as it is known to the person of 
ordinary skiO in the artand/or in a manner as it is described befow and specified by way of example in 
the foiiowing examples or analogously or similarly mereto. 

Jn more detail, the Suzuki reactions mentioned can be camed out in organic solvents alone, for 
example in toluene, benzene, dimethylfemiamide or in ethereal (e.g. dimethoxyethane or. in particular. 
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dloxane) or alcohol solvents or In a mixture thereof, or preferably fn a mixture comprising an oraanic 
solvent (In particular dkjxane) and water, with organic (e.g. triethylamine) or preferably inorganic base 
(e.g. potassium hydroxide, ihalllum hydroxide, sodium bicarbonate, cesium carbonate, cesium fluoride 
or potassium carbonate) In the presence of a transition metal tatalyst, for example, a nickel or. In 
particular. paKadfum catalyst (e.g. F>d(OAc)2, PdCl2{PPh3)2. PdtPPW or PdCWPCyah, and. optionally, 
rrthium chloride. The reaction Is carried out at a temperature In the range from 20" to 160«C, usually 60° 
to laO'C for 10 minutes to 5 days, usually 30 minutes to 24 hours. Advantageously, the solvents used 
are degassed and the reaction Is cam'ed out under protective gas. 

Borontc adds or bomnlc acid esters (ag. pinacd esters) of fbimUla R2-Z.1. In which R2and 21 have 
the meanings given above, are known or can be obtaned in an art-Known manner or anal«^ous|y or 
sfmilarty to Known compounds. Boronlc add esters (e.'g. plnacol esters) of fbmwia R2-Z1 can be 
prepared, for ©cample, as described in the following ©camples starting flt>m phenyl triflates or, 
parficulariy, phenyl halldes. preferably the bromides or Iodides, using e.g. bls-(pinacolato)-diboron In the 
presence of a transition metal, preferably palladium, catalyst Optfonally the boronlc acid esters 
obtained can be isolated or. prBferably. they are generated In situ and used In the subsequent Suzuki 
reaction without Isolaficn. 

compounds of fbrmulaXV are Known or can be prepared according to known proctedures analogously 
or ^milarly to ttie preparation of known compounds. 

Ths compounds of fbnnula I can be converted, optionally, into their N-oxides. for example with the aid 
of hydrogen peroxide In methanol or viflth the aid of m-chioreperoxybenzolo acid in dicihloromethane. 
The person skilled in the art is familiar on the basis of his/her expert knowledge With the reacUon 
conditions which are spedficaMy necessary for canying out the N-oxIdation. 

Itis known to the pereon skilled In the art that If there area number of reaeUva centers on a starting or 
intermediate compound it may be necessary to block one or more reacBve centere temporarily by 
protective groups In order to allow a reaction to proceed specilflcally at the desired reaction center. A 
detailed description fbr the use of a large number of proven protective groups is found, for example, in 
T. Greene and P. Wuts, "Protecfive Groups In Organic Syntiiesis" (John Wiley & Sons, Inc. 1999, 3 
■ Ed.) or in P. KociensW. "Protecting Groups (Thteme Foundattens Organic Chemisby Series N Group" 
(Thieme Medical Publishers, 2000). 

The substances according to the invention are isolated and purified In a manner knovwi per se. e.g. by 
distilling off the solvent In vacuo and recrystallizing the residue obtained ftom a suitable solvent or 
subjecfing It to one' of the customary purification methods, such as column chromatography on a 
suitable support materiaL 



EiDPfansszeit- LOkt. 13:47 



1144EPORD01 20034)9 02 

-15- 

Salts are obtalnecj by dissolving the free compound in a suitable solvent (for example a ketone like 
acetone, methylethylketone, or methyllsobutylketone. an ether, like diethyl ether, tetrahydrofuran or 
dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a lov/ molecular 
weight aliphatic alcohol, such as ethanol, Isopropanol) which contains the desired acid, or to which the 
desired acid Is then added The salts are obtained by fdtenng, repreoipitatlng, precipitating with a non- 
solvent for the addffion ^It w by evaporatrng the solvent Salts obtained can be converted by basl- 
flcation into ttie Ubb compounds which, in turn, can be converted Into salts, in this manner, pharma- 
cologicaliy non-tolerable salts can be converted into pharmacologically tolerable salts, 

Suitably, the conversions mentioned In mis invention can be canied out analogously or similarly to 
methods vbtiich are familiar per se to the person sMiled In the art, for example, in Vf\e manner which (s 
described by way of example In the following examples. 

The person skilled in the art knows on me basis of his/her knowledge and on the basis of those 
synthesis routes, which are shown and described wimin the description of this invention, how to find 
other possible synthesis routes for compounds according to this Invention. All these other possible 
synthesis routes are also part of this invention. 

Having described tha invenfion In detail, ttie scope of the present invention is not limited only to those 
described characteristics or embodiments. As will be apparent to persons skilled in the art, 
modmoations, analogies, variations, derivations, homologisations and adaptetions to the described . 
Invention can be made on the base of art-known knovviedge and/or, particularly, on the base of Uie 
disclosure (e.g, the explfcfte, Implfcite or Inherent disclosure) of tiie present invention without departini 
■from ttie spirit and scopa of ttils Invention, 

The following examples Illustrate tiie Invention in greater detail, without restricting it. As well, further 
compounds according to ti^e present invention, of which tiie preparation Is explicltiy not described, cai 
be prepared in an analogous vi/ay or In a way v^ich Is known by a person skilled in the art using 
customary preparation metiiods and process techniques. 

In the examples. m.p. stands for melting point, h tor hours. -d fbr da^, mln tor minutes, TLC ibr tl 
layer chrom^graphy, Rf tor retention factor. MS tor mass spectrum, M for molecular ion. 

The compounds v^idi are mentioned in the examples as vmll as their salts are preferred compoun 
of the invention. 
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Examples 
Final products 

1. 2-r2-<2-Amlno-4-mgthviPVtf dit%Avnfethvq-aH-im^ 

2.27 g Of 4-methyl-2-<trityl-amino)-picolina!dehyde (c^ A1) and 2.60 g of (3H-lmldazot4,5- 

b]pyridin.2-y|-methyl)-triphenyl-phosphonhim chloride (compound A2) are suspended In a mixture of 41 
ml of methanol, 9.1 ml of tetrahydrofurane and 4.5 ml of toluene, 4.60 ml of a solution of sodium 
methanolate in methanol (1 .3 M) are added dre^pwlse. The reacfion mfxture is stirred at 40*C fbr 3.5 h 
and evaporated to dryness. The resulting residue is chomatographed on silica gel using toluene/ettiyl 
acetate 1:1 to give 3.93 g of a light yellow fcam, which suspended in 78 ml of 50% strength aqueous 
acetic add and heated at 80''C for 0.5 h. The reaction mixture is filtered and the filtrate e)ctractod twice 
witti toluene. The combined organic phases are reextracted two times with water and the combined 
aqueous phases are evaporated to dryness to give 1.95 g of a yellow, amorpheous. solid, which is 
dissolved as obtained In 250 ml of methanol. 2.40 ml of trifluoracetic acid and 430 mg of palladium on 
active carbon (10% Pd) are added and the suspension is stirred at room temperature fbr 3.5 d under 
hydrogen atmosphere. Then the catalyst is filtered off and the reactton mixture is oonconcentrated to 
dryness. JhB residue is dissolved in dichloromethane and washed twice with a mixture of satorated 
sodium hydrogencarbonate sojutlonfeaturated sodium chloride solution (1:1). The organic pliase is 
dried using sodium sulf^ and concentrated to dryness. Alter chromatogrephicai purification of the 
residue on silica gel (dichoromethane/methanol 8rl, 1% N»N-drisopropylethylamine), evaporation of the 
eluents and lyophillteation from dioxane, 1,20 g of the titie compound are obtained as a coldriess 
lyophillsate. M.p. 45M7*C. fAS: 254.1 (f^H^. TLC: Rf » 0.40 (dlchloromeaiane/methanol 8:1). 

la. 2>y242-Amlno.4^ethvlPVriffln»6»vneth vn-3H»imidazi>r4,S>b1^ 

31 mg of 2-[2-(2-Amlno-4-methyIpyr!din^yl)ethylh3H-Imida 1) are 

dissolved in 16 ml of dichloromethane. Under Ice-cooling, 61 pi of a solutton of hydrochloric add in 
diethylettier (2IW strang«» are added. The mixtore is concentrated and tiie residue lyophillized from 
water to give 35 mg of the title compound as colorless lyophillsate. WI,p. 136"C. MS: 254.2 (lUIH*), 628,8 
(2MNa*). 

lb. 2-f2>f2^AmincU-methvtovridin>.g^vlteth vn-3H«to^^ 

52 mg of 242-<2-Amino-4-methylpyridin-6irt)ethyl]«'3mmldazo[4,54>^ (compound 1) are 
dissolved in 25 ml of dichloromethane. 2 ml of aqueous acetic acid (50% strengtt) are added. The 
mixture is concentrated and coevaporated successively with water and dichtorometiiane to give 65 mg 
of the tifle compound as foam. IW.p. 54"C. IWS: 254.2 (IWH*), 528.8 (2MNa*). 
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(BtS)-g-r3-<2.Amtno.4-^nethvlavririin-«t-yl) proi».2,vn^H4midazor4.S.b1nvririi»^ 

Starting from 4-methW-2-(trttyl^mlno)-plcornaIdehyd6 (compound A1) and {1-(3H-imWa2ol4.5-blpyrldln- 
2-yO-ethylHrtphenyl-phosphonIum chloride (compound A3) the title compound Is obtained analogously 
to the procedure as In e>eample 1 . M.p. 48'C. MS: 268.1 (MH*). 
TLC; Rf = 0.20 (dtohtoronDeOiane/methanol 10:1). 



3. 



ffii9)r^-r4-f2-Amlno-44nefhvittvridinUUY i}h. rt.^n-3H4mlda2ar4^ 



A solution Of 0.632 g of tributyK1-(3H4mFda2oI4.5-b]pyridin:2-yl)-propyl}^hosphonium chloride 
(compound A4) In tetrahydrofurane is added to a suspension of 63 mg of sodium hydride (50% strength 
suspension In paraffin) in 3.75 ml of tetrahydnafurane. After 1 s min stimng, a solution of 0.500 g of 4- 
melhyl-2-{trjly}-amlno)-plcollnaldehydB (compound Ai) in tetrahydrofurane is added drxjpwise and the 
reaction mixture is heatM at 80-C Ibr 6 h. The mixture is then evaporated to dryness and the resulting 
residue chomatognaphed on siliea gel using toluene^ethyi aeetata 5:1 to give 0.26B g of a light yellow oil 
which is suspended in $ ml of 50% strength aqueous acetic acid and heated at 80-C fbr 0.5 h The 
reacsfion mixture Is filtered and the filtrate extracted twice with toluene. The combined organic phases 
are reextractBd two times with water and the combined aqueous phases are evaporated to dryness to 
give 0.146 g of a yellow, waxen solid, which is dissolved as obtained in 19 ml of methanol. 0.21 ml of 
tnfiuoracetle acid and 32 mg of palladium on active carbon (10% Pd) are added and the suspension is 
stirred at room temperature for 2.5 d under hydrogen atmosphere. Then the catalyst is Altered off end 
the reaction mixture is conoonceritrated to dryness. The residue is dissolved in dichloromelhane and 
virashed twicewith a mixture of saturated sodium hydrogencarbonate solutipri/ saturated sodium 
chloride solutfon (1:1). The organic phase is dried using sodium sulfate and concentrated to dryness. 
After chromatographical purffioation of the residue on siHca gel (dichoromethane/methanol 8:1) 
evaporation of the eluents and lyophllKzation ftom dioxane, 0.170 g of the title compound ar» obtained 
as a hygroscopic lyophillsate. M.p. 164'*-16S"C. MS: 282.1 (IWH*). 
TLC: Rf = 0.24 (dkshloromethahe/methanol 10:1). 

^ ?^3'f2-Atnlno-4-methvlPvridin-e^i\ethvi1AA ro nMi,aH.imWazorA^^^ 

A solution of 1.22 g of (6-bromo-3H^midaao[4.54)]pyrtdin-2-yHnethW)^ributyl-phosphDnfum chloride 
(compound A5) la tetrahydrofurane is added to a suspensnn of 1 09 mg of sodium hydride (60% 
strength suspension in paraffin) in 15.3 ml of tetrahydrofurane. After 15 minetlning, a solution of 0.866 
g of 4-methyl-2.(trityI-amino)-plcolFnatdehyde (compound AI) in tetrahydrofurane is added dropwise and 
the reaction mixture is heated at SCC for 6 h. The mixture is then evaporalfid tadryness and the 
resulting residue chomatographed on silica gel using toluene/ethyl acelate 5:1 to give 0.672 g of a 
yellow solid, which is suspended in 14 ml of 50% strength aqueous acetic acid and heated at SO-C for 
1 .5 h. The reaction mixture Is filtered and the filtrate extracted twice with toluene. The combined organic 
phases are reextracted two times with water and the combined aqueous phases are evaporated to 
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dryness to give 0.355 g of a yellow, amorpheous soHd. 0.300 g of said solid are dissolved in 1 12 mi of 
methanol. 0.14 ml of giadal acetic add and 14 mg of platinum dioxide are added and the su^iension i6 
stined at room temperature for 2.5 d under hydrogen atmosphere. Then the catalyst is filtered off and 
the reaction mixture is conconcentrated to dryness. The residue dissolved In dichloromethane and 
washed twice vviUi a mixlure of saturated sodium hydrogencarbonate solution/saturated sodium chloride 
solufion (1:1). The oiganic phase is dried using sodium sulfate and concentrated to dryness. After 
chromatographlcal purification of tiie residue on silica gel (dichoromethane/methanol 20:1) and 
evaporation of the eluents. 0.118 g of the title compound are obtained as an amorpheous solid. M.p. 
1 90*-1 94*C. TLC: Rf = 0.50 (dichloromethane/metiianol 8:1). 

5. ?-ra»f2Amlno-A.methviPvrldln^^neth vn^nhBnvl^H-lmidazor4.5-bto 

350 mg of 242-(amlno-4-m©thylpyridin-«^thyq-«4>romo-3H-imIdazo[4.S-blpyrldine (compound 4) are 
dissolved in 5.6 ml of anoxic dioxana under a nitrogen atmt^ere. Subsequently. 3.15 ml of an 
aqueous sodium bioari>onate solution (2.0 M). 193 mg of 2-phenyl-1.3.2-dloxaborinane, and 49 mg of 
tra/w-dichioi».his(trlcyc|ohexy|phosphane)paliadium-(ll) are added. The reaction mixture is refluxed at 
110"C for 46 hours. Thereafter, ttie volatile componente are removed in vacuo and the remaining ' 
residue is redlssofved in 200 ml of a mixture of water/dichioromethane (1:1). The aqueous phase is 
extracted twice each wittt 125 ml of dichloromethane. The organic layer, fe separated, dried using 
sodium sulfete, and evaporated to dryness to yield a colorless, crude solid. Subsequently, the residue is 
purified by flash chromatography on silica gel (eluent dichtaromethane/melhanol 8:1) to afford 279 mg 
of the title compound as a colorless soUd of m.p. 230''C. MS: 330,3 (MH*). TLO. Rf = 0.34 
(dlc4i1oromethane/ineeianol8:1). 

296 mg of 2^2-(amlno-4-methylpyridin-6-yOethyl^^bromo:3H^mida2o[4,S>b}pyrldine (compound 4) are 
dissolved in 4.74 ml of anoxic dioxane under a nitrogen atmosphere. Subsequently, 27 ml of an. 
aqueous sodium bicartjonate solution (2.0 M). 231 mg of benzonitrile-4-boronte add pinacolester. and 
42 mg of fra/>s-dichloft)-bis{tr1cyclohexylphosphane)palladium-(ll) are added. The reaction mixture is 
refluxed at 110»C for 70 hours. Thereafter, the volatfle components are removed in vacuo and the 
remaining i«aldue Is redissolved In 150 ml of a mixture of waler/dlcWoromethane (1:1). The aqueous 
phase Is extracted twice each virflh 100 ml of dichloromethane. The organic layer is separated, dried 
using sodium suK^, and evapofated to dryness to yield a coloriess. crude solid. Subsequently, the 
residue Is purified by flash chromatography on silica gel (eluent dichloromethane/methanol 8:1) to 
afford 127 mg of the title compound as a coloriess solid of m.p. 218°C. MS: 355.3 (MH*). TLC: Rf = 
0.35 (dichloromethane/methanoi B:l). 
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7. 2-r2^r2-Ami nowUmethYlpvridinf6-v1>6thvn>^aD-tQlvf.3HM^ 

To a solution of 340 mg of (e,Z)-2'{2-(2-^mino-4-mBthylpyndin-6-yl)vinyll-6-p-to^^^ 
blpyridlne (compound A6) in 28 ml of methanol i$ added 0.308 ml of trifluoroacetio aoid and 153 mg oi 
palladium on active carbon (10% Pd). The suspension is vigorously stirred at SO'^C for 4.5 d under a 
hydrogen atmosphere. Then ttie catalyst Is filtered off and tfie reacSon mixture Is conooncentrated to 
dryness. The residue is dis$o|ved in dichloromethane and v/ashed tiAcB with a mixture of saturated 
sodium hydrogencarbonate solution/saturated sodium chloride solution (1:1). The organic phase is 
dried using sodium sulfate and concentrated to dryness, Afber chromatographical purification of the 
residue on silica get (diohoromethane/metiranoi 8:1) and evaporation of the eluents 52 mg .of the title 
compound are obtained as an oil. IWS: 344.4 (MH^. TLC: Rf » 0.37 (dlchloromethane/methanol 8:1). 

7a. 2J2^2-Amtno-4-mftthviPvridin»S>vltethvfT^-fi4ory!-SH-Iml^ 
hydrochloride 

41 mg of 2H[2-(2-^mlno-4-methylpyridin'€-yl)BthyQ-6i^^ (compound 7) are 

dissolved in 8.4 ml of dichbromethane. After cooling the solution to O^C, 61 Ml of hydrochloride In dieOiyl 
ether (strength 2.0 M) Is added under stimng. Subsequently, the solvents are evaporated m vacuo. The 
remaining residue is redissolved in petrol ethar/dlchloromethane (3:1) and concentrated to dryness to 
afford 40 mg of the title compound as an amorphous pulver of m.p. IBB'^C, IWS: 344.4 (MH"). TLC: Rf 
0.37 (dichloromethane/methanol 8:1). 

Starting from the approprtefte starting compounds, whlc^ are descn'bed below or which can be prepared 
analogously or similarly to the described compounds in a manner known to the person skilled in the art, 
the fbllQwlng Examples 8 to 9 are obtained according to the procedure as in Examples 7 or 7a and the 
following Examples 10 to 12 are obtained in such a way as disck^ed in Uie description ofthis invention. 

8. 2«|242>Amino^ntethvlpvrldln-frvltethvfW4-fl^^ 

9. 2»r2»f2«AminowlHrnethvlpvridm45-yl)ethyl]«fi.^4^lnfiethy 
b^pvridine 

9a. 2.I242.Amino-4-methvlDvn'dfn-g-^teth vn-6^4^Imet hvlamlno-Dh 
ii ^f!iVridtne_livdrochtoride 

10. 2-r2»f2.>Amino>4^thyipvridIn-6.^fl)et hvn-e44H^ 

Compound 10 can be prepared by a person skilled in ti^e art according to reaction scheme 6 specified 
above in an art-known manner applying oistomary preparation methods and similariy to the Examples 
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described explicitly herein starting with reaction of a compound of formula XII, In which PG1 Is trityl and 
R4 is methyl, witti compound F4. 

Com|K>und i 1 can be prepared by a person sidlied in the art according to reaction sdieme 6 specified 
above in an art-known manner applying customary prep&rafion nr>ethods and similarly to the Examples 
described explicitly herein starting with reaction of a compound of formula XII,- In which PG1 is trityl and 
R4 is methyl, with art-known compound 2,3-dlam!no-5-lodo-pyridlne. 

12.. 2.t2W2.AminowUmethvtovridin-6-vnethvn4U4.tfMuo romBth^^^ 
b ^pvfldlne 

Compound 12 can be prepared by a person skilled in the art according to reacHm echenne 8 specified 
above in an art-4cnown manner applying customary preparaHon methods and similarty to the Examples 
described ^cpitdtly herein starling wim reaction of a compound of formutei XII, In which P61 is trityl and 
R4 is methyl, with art-known compound 2.3^temino-5-kjdo-pyrldine. 

StarHnn materials 

A1. ^Methvl.a-ltrifvl-anilnoV.pieolinaldehvde 

A sc^uflon of 1 .6 g of 4-methyW-(trilyV«mino)-picoHnic add methyl ester (compound B1 ) In 35 ml of 
toluene is tr«ited efropwse 81-70*0 wiHi 2.9 ml of a 1.5 M soluttan of dilsobutylalumlnlum hydride in 
toluene. After 0.5 h 5 ml of dlethylether and 2.9 ml of diluted aqueous acetic acid (20y8 strength) are 
added. After furttier 0.5 h the reacSon mbdure is vrarmed to room temperature and 29 mi of an aqueous 
solution of ammonia (25% strength) are added. The colorless precipitate Is filtered off with suction and 
washed with toluene. The filtrate is extracted wim brine, the organic phase Is dried using.sodlum sulfate 
and concentrated to dryness. After purifioation of the cmde product on silica gel (eluent toluene/ethyl 
acetate 20:1) and evaporation of Iheeluents, 0.43B g of the title compound are obtained as a colorless, 
amorpheous solid. M.p. 213»c. lUIS: 379.1 (IWH*). TIX5: Rf aO.66 (toluenetecetohe 10:1). 

A2. raH-imldazttia .B,Mi»nidiiiAvi^ethvi^phenyl-phosphoriliiro ehtortde 

3.18 g of chioromethyl-3H-imidazo[4i5-blpyridine (G. Cleve etal., Uebigs Ann. Chem. 1971, 747, 158- 
171) are suspended In 16 ml of N.N-dlmethylfbrmamide and 50 ml of acetonitrile. 4.9.8 g of 
triphenylphosphlne are added and'the mixture is heated to 100»C for 3 h. The mature is concentrated 
to dryness and the crude product purified by chromatography on silica gel (eluent: ' 
dichtoromethane/methanoi 10:1 to" 8:1) to afford 3.15 g of the title compound as a beige, amorpheous 
soBd. M.p. 302"C. MS: 394.3 (M*). 
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A3. /1-f3Wmlda2or4.S^>lDvrIdIn.2.vn.ettivn^ipheTiY <-DhosDhonlumehlortdB 

8.66 g of 2-(1-chloroethyI)-3H-lmldazo[4,5-b]pyridine (compound B2) are suspended In 40 ml of N.N- 
dimethylfbrmamlele and 120 nil of acetonllrile. 12.6 g of triphenylphosphlne are added and the mbcture 
Is heated to ISO'C for 17 h. The mixture is ooneentrated to dryness and the crude product purified by 
chromatography on silica gel (eluent dichloromethane/methanol 20:1) to afltoM 4.16 g of the tIBe 
compound as an oil. MS: 408.0 (M^. 

A4. Tributvl-f1-r3H.lrnidazor4Ablpvridln.2-vn-py«pyl>-ph osDtioniumehtoplfia 

8.66 g of 2-(1-chloroprDpyl)-3H^mldazbl4,54>3pyridln6 (compound B3) are suspended In 18 ml of N»N- 
dimethylfonnamide and 61 ml of aoetonlfrile. 6.3 ml of trit^nylphosphlRe are added at 40°C and the ' 
mbrture is heated to 90*c for 1 6 h. The mbdure is concentrated to dryness to give 1 1 .9 g of the title 
compound as an oil. MS: 362.2 (M^. 

AS. (6rBfDmo-3H-lmldazor4.S.Miivrtdirt-2-vUm ettiv!)4rihutwl.^hosDhon^ 

4.0 g of 6-bromo-2-chbromathy|-3H-imlda2ffl[4.5-b]pyiWine (compound B4) are susperidetf in 16 ml of 
N.N-dimethyiformamide and 54 ml of acetonitrlle. 4.9 ml of trlphen^phosphlne and 0.599 g of 
tetrabutylammonium Iodide are added sequentially at 40°C and the mixture ^ heated 'to 90°C for 20 h. 
The mixture is concentrated to dryness to give the 8.94 g of the cmde title compound as an oil. MS: 
412.3, 414.2 (M*). 

A6. (g,2)-2-r2-(2>Amlno^roethvlavridin^^nvl «wn-6-D-toM-aH.lnfiId8a»f4.^^ 

436 mg of (ff,2)'3-^H^-amlno4^nethylpyr^di^-6-yl)-p^open-1-on-3-yl)-2,3-d!amino-5-p4ol^^ 
amide (compound BS) sib treated viAh 17 g potyphosphorfc add at 125"'C for 24 h. Thereafter, 190 ml 
of water are careftilly added at 100^ under continuous ^nlng. Subsequently, the eolufion is cooled to 
room temperature and treated with 35 ml of an aqueoi^ sodium hydroxide solution (strength 9.0 M) 
adjusting pH = 7. The neutral solution Is extracted four times each wim IQO mi of ethyl acelteite. The 
combined organic phases are reextracted twice each using 80 ml of brine, subsequently dried using 
sodium suii^te. filtered with suction, and concentrated in vacuo to obtain 340 mg of the title compounds 
as an amorphous solid. MS: 342.4 (MH*). TLC: Rf = 0.63 (dichloromethane/methanol 8:1). 

B1. 4^eawl-a-{tfityl.aiiiin n>Hileollnle add mathvl estar 

A sohifion of 40.0 g of 2^oetylamlno4.6K«methyl-pyridlne(M. Belcher, J. Am. Chem. Soc 1952, 74, 
1916-1916) in a mixture of 127 ml of tert-butanoi and 375 ml of water is freated.portionvMse (max 3.0 g 
each) at 75*C with 92 g of potassium pennanganate. After completion of the addition, the reaction 
mixture is heated at 80"C for 3 h. Aftwwards, the. reaction mixture is filtered over celllte and the filter 
cal<e is rinsed with water. Undercooling unreacted 2-a(»tyiamino4.6-dimethyl-pyridine precipitates 
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from the filtrate and is filtered off with suction. Ths mottier Bquor Is concentrated to of its volume and ^ 
adjusted to pH 5 witti the aid of concentrated hydrochloric add. The precipitate Is filtered off, dried, 
dissolved In 300 ml of methanolto hydrochloric add (Z2 M strength) and heated at 80'C for 15 h. Alter 
evaporation to dryness, the residue is dissolved in 200 ml of water, 100 ml of dichloromethane are 
added and the mixture is neutralized by addition of sodium hydrogen«rbonat©. The phases are 
se|»rated and flie water phase Is reextracted two times ead) wiO) 200 ml of dichloromettiane. The 
combined organic phases are dried using sodium sulfate and concentrated to dryness to give 12.1 g of 
cnjde 2-amlno^methyl-plcollnic add methyl ester, which is dissolved in 180 ml of dichloromethane 
and treated vwth 22.2 g of trityl chloride and 1 5 ml of N.N-diisoprepyleftylamlne. After 16 h tiie reaction 
mixture is extracted with a mixture of saturated sodium hydfogencarbonate solution/saturated sodium 
diloride solution (1;1), the organic phase is dried over sodium sulfate and the solvents are evaporated. 
The crude product is purified t>y chromatography on sHIca gel to give 18.5 g of the lltte compound as a 
coloriess oil. MS: 409.1 (MH*). TLC: Rf « 0,37 (tolueneteoetone 10:1). 

B2. 2irfi-Chlorftett vn^H4niida«ifd.S-blDvriillne 

5.2 g of 2,3-diaminopyridine in 209 g of polyphosphoric add are heated at 120X for 0.5 h. The solution 
is cooled to SO'C and 4.6 ml of 2-cWoropropionitrite are added. Thereafter, the reacBon mixture is 
heated to ia0"O for 2.5 h. After cooling, the polyphosphoric add is hydrolysed with water, the mlxlure is 
ffltered using charx»al and celtte and the pH value of the filtrate is a««usted to pH 4 using 9 M aqueous 
sodium hydroxide solution. The mbdure.fe extracted twice each with 250 ml of ethyl acetete, the • 
comblr^ed organic phases are dried using s«fium sulfete, concentrated and tyophilised from 
ethanol/water to give 3.S6 g of the fitle compound as a light brown, anrwrpheous solid. M.p. 1 sa-C. 
TLC: Rf =0.60 (diditoromethane/methanol 8:1). 

B3. 2-f1-ChlorDP>oBvft^H-tmi dazotd-S.MBvrldlne 

5.0 g of 2,3-diaminopyridine in 200 g of polyphosphoric acid are heated at 120'C for 0.5 h. The solution 
is cooled to 80*C and 5.7 ml of 2-chtarobu^ add are added. Thereafter, the reaction mlxmre is 
heate^l to 130-C for 22 h. After eooilhg. the polyphosphoric add is hydrolysed with water, the mixture is 
filtered uslrtg charcoal and cellte and the pH value of the filtrate is adjusted to pH 4 using 9 M aqueous 
sodium hydroxide solution. The mixture Is extracted three times each with 200 ml of ethyl acetete, the 
combined organic phases are dried using sodium sulfiate. concentrated and purified by chromatography 
on silica gel (eluent toluene/ethyl acetete 1:1) to give 5.19 g of thetlUe compound as a asjoriess, 
amorpheous solid. M.p. 13rC. TLC: Rf = O.SO (dlchloromethane/methanol 10:1). 

B4. g.HrfttnBA<:hlBiometiivi^ H4mlda«»r4.5-b1PVridine 

3.0 g of 54>romo-2.3.dlaminopyridine (S.-X. Cal et ai.. J. Med. Chem. 1997. 40(22). 3679-3686) In 120 
g of polyphosphoric acid are heated at 160"C for 0.5 h. The solution Is cooled to 100«C and 1 .26 ml of 
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chloroacetonitrite are added. Thereafter, the reaction mixture Is heated to 170' C for 22 h. After cooling 
the potyphosphoric acid Is hydrolysed with water, the mixture is filtered using charcoal and cellte and 
the pH value of the filtrate Is adjusted to pH 4 using 9 M aqueous sodium hydroxide solution. The 
precipitate is collected, suspended cn 100 ml of hot methanol and filtered over ceJlte, The filtrate Is 
concentrated to dryness to afford 2.78 g of the tifie compound as a t>eige. amorpheous solid. 
TLC: Rf = 0.42 (dichloromethaneAmethanol 10:1). 

BS* ^.Z)-3-N-rf2^ino.^ftMwlDVfidlri.e. yil-nra^ 
areldtt 

1.30 g of (^2)-3-N-{[4-methyl^2-trilyl-^mino)-pyrldln-6-yl)-propen-1-on-3-yI}-2,3.diamlno-5^ 
pyridine amide (compound CI) are dissolved in 75 ml of aqueous acetic acid (50% strength) and 
heated at SCO for 2 h. SubsequenBy, the resuifing colorless precipitate is filtered off and rinsed with 
water. The filtrate is concentrated to dryness and coevaporated tuirice each with 20 ml of toluene. The 
residue is purified by chromatography on sliica gel (eiuent dlchloromethane/melhanol 1Q:1) to yield. 436 
mg of the title compounds after evaporation of eluents as a colorless on. MS: 360.2 (MH^, 718.9. 
(ZMH*). TLC: Rf » Q.1S (dichloromethane/lmeUianal 10:1). 

POTidine amide 

1.2 g of (E,Z)-4-methyl-2-(Wtyl-amlno)-pyridine-6-(propen-3-yrrc) acid (compound D1) and 566 mg of 
2,3-d|amino-5-p^oIyl-pyridme (oompolind F1) are dtesolved &i 53 ml of pyridine and sequentially treated 
wWi 1.12 g of 0-{(Bthoxycart>onyDcanomettiylene-amlnoJ-N,N,N',N'-tetramethyluronlum tetra- 
fluoroborate and 0.61 1 n4 of dnsopropyiethyt amine. The rea^n mixture is vi/enned to eS'C for 24 h. 
After complelfon of tiie amide fonnation (TLC), the solution is concentrated In vacuo and coevaporated 
three times each with 20 ml of toluene. The crude product Is purified by chromatography on silica gel 
(eiuent dichloromethane/methanol 15:1) to afford 1.3 g of the title compounds as colorless oil. IVIS: 
602.3 (MH*). TLC: Rf= 0.45-0.47 (dichloromethane/methanol 10:1), 

D1. <g.ZI-r4iMetiwiA^trihfi-at nmoWDvridin-6-vn^DroDBn-3-vlle add 

1 .62 g of (E,2)-{4-meiriyl-2-(trHyl-amlno>ijyridin-6^]-propen-3-yllc acid methyl ^ter (compound E1) 
are dissolved In 70 ml of telrahydrofgrane. Subsequent^, 37.3 ml of a 1.0 M solution of aqueous 
sodium hydro)qde are added and the reaction mixture is warmed to 50*C for 27 h. At room temperature 
22 g of amberlite IR-120 [H*] are added und the suspension Is stlnred for 1 5 min neutralizing the 
reaction mixture. The ion exchange resin is removed by filtration and 1.19 g of ttie title compounds are 
isolated as a colorless solid after evaporation of solvent of m.p. 147*0. MS: 421.0 (MH*). 
TLC: Rf 3 0,4a (dtohloromettiane/meffianol io:i). 
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El- fg,2l"f4-methYl"2^(trit\fl-»aTnlno>«Dvridin^6-vl-]-propen^^llc add methyl ester ' 

Under ice-cooling, a suspension of 190 mg of sodium hydrfde (60% strength suspension In paraffin) in 
15 ml of tetrahydrofurane Is treated with a solution of 1.78 g of methyl diethyl phosphonoaceterte in 7.6 
ml of tetrahydrofurane. After stirring at o-^C for 30 min, a suspension of 2.3 g of 4stiethyl-2-(trityl- 
amino)-picollnaldehyde (compound A1) in 15 ml of tetrahydrofurane is added. The reaction mixture is 
stirred for 70 h at room temperature. Thereafter, the mixture is treated vnth 20 ml of a saturated 
aqueous ammonium chloride solution for 30 min. The solution is diluted with 30 ml of water and 
extracted three times each with SO m! of diethyl ether. The organic layer is separated, dried using 
sodium sulfate, filtered with suction^ and concentrated in vacuo to yield a crude oil of the title 
compound. After chrcmatographical purification of the residue on siHca gel (toluene/ethyl acetate 20:1) 
and evaporation of the eluents, 6.6 g of the title compounds are obtained as a colorless oil MS: 435.0 
(Mhr^. TLC: Rf - 0.45 (toluene/ethyl acetate 20:1 ). 

PI. 2,3>DlaminQ.5»i>>toltf^pyrIdinft 

A solution of 3.25 g of 2-^mino-5-(p-tolyl)'^nitro-pyridlne (compound G3) and 325 mg of Pd/C (10%) in 
260 ml of methanol is treated vwth hydrogen under vigorous stimng at room temperature for 18 h. The 
suspension is filtered vAth suction through a celite pad. The colorless filtrate is evaporated to dryness to 
afibrd 2.63 g of the pure title compound of m.p. ^4VC. MS: 200.3 (MH*^, 
TLC: Rf = 0.46 (dlchloromethane/methanol 10:1). 

F2. 23>DlamIno-S:<4-«uQp- phBfivn-Pvridlne 

A solution of 2.59 g of 2*^mino-5-(4-fluorophenyl)*3-nttro-pyridine (connpound 01) in 36 ml ethanol is 
treated with 12.9 g of SnCk ' 2H2O at 90^*0 for 24 h under a nitrogen atmosphere. Thereafter, the 
solution is concentrated to dryness. The residue is dissolved in 600 mi H^O and adjusted to pH 8 using 
a^.OM solution of aqueous sodium liydn^xide- Sutssequently, the aqueous layer Is extracted six^mes 
each with 50 ml of ethyl acetate. The combined organic phases are extracted once with 100 ml of brine, 
dried using magnesium sulfate, filtered wim suction, and evaporated to dryness to yield 2.12 g of the 
pure title compound of m.p. 26rc. MS: 204.3 (MH^. TLC: Rf s 0.50 (dlchlorom^ane/methanol 5:1). 

F3. 2,3-Diamino-6-f4<lifnethvlamlnO'iDhBnvll»nvridirte 

A solution of 3.30 g of 2-^mino-5-(4-dimethylaminophenyI)-3Hiitro^)yrIdine (compound G2) and 330 mg 
of Pd/C (10%) in 260 ml of methanol is treated with hydrogen under vigorous stirring at room 
temperature for 17 h. The suspension is filtered with auction through a celite pad. The colorless filtrate 
Is evaporated to dryness to afford 2,85 g of the pure title compound of m.p. 155**C. MS: 229.3 (MH^, 
TLC: Rf = 0.38 (dichloromethane/mettianol 1 0:1 ). 
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A «iluflon Of 1.19 g of 2^m!no-S.(4-chIo«phenyo.3-ni<rt>.pyrldlne m 17 ml of ethanol is treated with 5 ' 
.gofSnCb-2H,Oat90Xfbr17hunderanlt«,genatmosphem.The.^aft.,thesol^^^^^ 

t m^' H .r^r subsequently, tiie aqueous layer te extracted fou, 

mes each with 60.1 Of eth^ acetate. The cornblnedorsanK: Phases 

bnna. dned ueing M9SO..«,tered wfth suction, .nd evaporated to d^ness to yield 1 .05 g of the pZ 1 
compound of m.p. I78'a MS: 220.3 (MH^ tlC: Rf = 0.30 (dichloromethane/methanol 6:1). 

2-Amlno^4.fluaio-phAnYj ^nitfo^ y Yy j,^ff.^ 

°'^'^'"'"^''™'"°-3^^t'«Pyridlne are dissolved in 120 ml of ano>do dloxane under a nitrogen 
atmosphere. Subsequently. 69 ml of an aqueoqs sodium bicarbonate solution (2.0 M). 6.4 g of 4- 
fluorophenyl^oronloacld. and ^Og of t.an^ichlpro*ls(tricyclohexylphosphane)paUadiumKI.) 
added^ha .^action mixture is r^fluxed at 1 1Q-C for 17 houm. Thei^after. the volatlFa components are 

removedinvacuoandtheremainingresidueisredissolvedin2.0fofambclureof ' 
water/dichloromethane (1:1). The aqueous phase is extracted four times each with 625 ml of 
d^htaromelhane. The organic layer is separated, dried using sodium sulfate, and evaporated to 

IT^ ' purified by flash chromatography 

o«^l«i gel (eh.ent toluene/ethyl acetate ^^^^ 

80l,dofm.p.232-C.MS:2345(MH^.TLC:Rf=0.30{teluene/ethylaoetate2o!l). 

23AlWtno-5^4^lmBthifta»f|in o,ntianvllAnltri>wridini> 

4^gof2.amino.5-bromo^.nitropyrldineare dissolved in 73 ml of anoxic dioxane undera nitrogen 
^phera. Subsequently. 60 mi of an aqueous sodium bicarbonate solution (2.0 IW). 7.3 g of 4- 

add. and 0.886 g of tran5-diohlo,o.bis(tncyclohexy|phosphane)palladlum. 
(II) are added. The reaction mixture is refluxed at 1 10-C for 19 hours. Thereafter, the volatile 
components ar^ removed In vacuo and the remaining residue is redissolved irv 1.0 1 of a mixture of 
water/diohtoromethane (1:1). The aqueous phase Is extracted four times each with 500 ml of 
dichioromethane. The organic layer is separated, dried using sodium sulfate, and evaporated to 
dryness to yield a colorless, crude solid. Subsequently, the residue Is purified by flash chromatography 
on s,l,c^ gel (eluent dichloromethane/ethanol 50:1) to afford 3.41 g of thetllle compound as a colorteL 
solrf of m.p. 212*C. l«s: 2S9.2 (MH*). TLC: Rf . 0.55 (dichloromethane/ethanol 50:1). 

63. 2.Amino^^4-D.torvn.a.pif ,o.^rim» 

Compound G3 can be prepared analogously as described in Example G1 and G2. 
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Commerciai appHcabilltv 

The compounds according to Ute Invention have valuable pharmacological properties which make Uiem 
commercteiny uUIIzable. They are selec^e inhibitors of the eni^me inducible nibic oxide synthase. Nitric . 
o)dde synthases (NO-syntases» NOSs) are erodes that generate NO and dtruinne from the amino 
acid arginfne. In certain pathophysiological situations such as arginine depletion or tetrahydrobiopterin 
depletion fte generation of O2' from NO-synthases instead or together vAth NO has been reported. NO 
is long known as a signalling molecule in most living organisms Including mammals and humans. The 
most prominent action of NO Is it's smooth muscle retaxing activity, which is caused on the molecular 
level by the activation of soluble guanylate cydase. In Uie last years a lot of other enzymes have been 
shown to be regulated by NO or reaction products of NO. 

There e)dst three isofbrnis of NO-sj^thases which fall into two dass^ and differ in their phystologic 
functions and molecular properties. The first dass, known as constitutive NO^ynthaseSt comprises of 
tt)e endothelial NO-synthase and the neuronal NO-syntfiase. Both isoenzymes are expressed 
constitutively in various cell types, but are most prominent in endotheital ceils of blood vessel walls 
(therefore called endothelial NOrsynthase, eNOS or NOS*iil) and In neuronal cells (therefore called * 
neuronal NO«synthase. nNOS or NOS-1), Activation of these two enzymes is dependent on 
Ca^/Calmodulin which is generated by transient increases of the intracellular free. Ca^* concentration. 
. Activation of constitutive isofomos leads to transient bursts of nitric oxide resulting in nanomolar cellular 
or tissue NO concentrations. The endothelial isofbnv) is Involved in the physiologic regulation of blood 
pressure. NO generated by the neuronal isoform seems to have neurotransmltler function and the 
neuronal Isotbrm is among other regulatory processes involved in memory function (long term 
potenGation). 

In «3ntrast to the constitutive Isoforms tfie activation of fndudble NO-synthase (INOS, NOS-il), the sole 
member of the second class, is perfonned by transcriptional activation of the iNOS-promoter. . 
Proinflammatory stlmufl lead to transcription of the gene for inducible NO-synthase, which is 
cataiyHcally active without increases In the Intracellular Ca^^-concentration. Due to the long half live of 
the inducible NO-synthase and the unregulated activity of the enzyme, high micromolar concentrations 
of NO are generated wer longer time periods. These high NO-concentraHons alone or In cooperation 
with other reactive radicals such as O2* are cytotoxic Therefore, in situations of microbial Infections^ 
iNOS is Involved in cell killing macrophages and other immune cells during early nonspecific immune 
responses. 

There are a number of pathophysiological situations which among others are characterized by the high 
expression of inducible NO-synttase and concomitant high NO or O^' concentrations. It has been 
shown tiiat these high NO concentrations alone or in combination with other radiral species lead to 
tissue and organ damage and are causally involved in these |:»thophysiologies. As inflammation is 
characterized by the expression of prqinfiammatory enzymes, Including inducible NO-^thase, acute 
and chronical Inflammatory processes ere promising diseases for the therapeutic application of 
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setecfive inhibitors of Induatie NO-«ynthase. Other pathophysiologies with high NO-productior* from 
Indudble NO-synthase are several forms of shock (sepBc, hemorrhagic and cytoklneHnducecJ). 
It IS clear that nonselective NO-synthase inhibitors will lead to cardiovascular and neuronal side effects 
due to concomitant inhibition of constitutive NO-s^thase isofbrms. 

K has been shown In In-vivo animal models of septic shock that reduction of circulating plasma no- 
levels by NO-«cavenger or Irihiblfion of inducible NO<^tfiase restores systemic blood pressure, 
reduces organ damage and increases survival (deAngelo Exp. Opin. Pharrnacother. 19-29, 1999; Redl 
etal. Shock 8, Suppl. 51, 1997; Strand etal. CritCare Med. 26, 1490-1499, 1998). It has also been 
. shown that increased NO production during sepHo shock contributes to tardiac depression and 
myocardial dysfunction (Sun et al. J. MoLCell Cardiol. 30, 989^97, 1998), Furthermore there are also 
reports showing reduced inferot see after occlusion of tfie left anterior coronary artery In the presence 
of NO-synthase inhibitors (Wang etal. Am. J. Hyperttens. 12. 174-182, .1999). Considerable Inducible 
NO-synttiase acH^rtly is found In human cardtemyopathy and myocarditis, supporting ttie hypothesis that 
NO accounts at least h part fbr the dilatatim and imp^red oontracBn^ in tiiese pathoph^iologles (de 
Belder et al. Br. iHeart J. 4, 426-430. 1^5). 

In animal models of acute or chronic inflammation, blockade of inducible NO-synthase by isofbmj- 
selectlve or nonselective Inhibitors or genetic knock out improves therapeutic outcome. It is reported 
that experimental arthritis (Connor etal. Eur. J. Pharmacol. 273. 15-24, 1995) and osteoarthritis 
(Pelletier ^ al. ArthriHs & Rheum. 41. 1275-1286, 1998). experimental inflamnrtations of tti© gastro- 
intestinal trad (Zingarelli et aL Gut 45. 199-209, 1999), experimental gkanerultmef^rltfe (Narita et al. 
Lab. Invest 72, 17-24, 1995), fficperimenial di^tss (Coriaett et al. PNAS,90, 6992-8995, 1993). LPS- 
Induced experimental lung Injury Is reduced by inhibition of Inducible NO-synthase or in iNOS-knock out 
mice (ICristof etal. Am. J. Crit Care. Med. 158. 1883-1889. 1998). A patiiophyslological role of.inducible 
NO-synthase derived NO or 0£ is also discussed In chronic Inflammatory diseases such as asthma, 
bronchitis and COPD. 

• Furthermore, In models of neurodegenerative tSseases of the CNS such as iMPTP-induced 
parkinsonism, amytoid peptide induced Ab^elmer's disease (ishii et al.. FASSB J. 14, 1485-1489, 
2000), malcnate induced Huntington's disease (Connop et al. Neuropharmaeol 35, 45^465, 1996), 
experimental menengitis (Kotyttco & Boje Neuropharmaeol. 35, 231-237, 1996) and experimental 
encephalitis (Paritinson et al. J. Mol. Med. 75, 174-186, 1997) a causal participation of NO and 
Inducible NO-syntiiase has been shown. 

increased iNOS expresston has been found in tiie brains of AIDS victims and it is reasonable to 
asswne a role of INOS In AIDS related dementia (Bagasra et al. J.. Neurovirol. 3 153-167, 1997). 

Other studies Implicated nibio oxkle as a potential mediator of microglia d^endent primary 
demyelination. a hallmartc of multiple siderosis (i^inson et aL J. Moi. Med. 75, 174-186, 1997). 
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An inflammatory reaction with concomitant e>cpression of inducible NO-synthase also taiies place durir^g 
cerebral ischemia and taperfUslon (ladecda et al. Stroke 27. 1373-1380, 1996). Resulting NO together 
with Oa-from infiltrating neutiophfls fe thought to be responsible for cellular and organ damage. 
Also, in models of traumatic brain Injury (Mesenge et al. J. Neurotrauma 13, 209-214. 1996; Wada etal. 
Neuroairgery 43, 1427-1436. 1998) NO-synthase inhibitors have been show to posses protective 
properties. A regulatory rote for inducible NO-synthase has been reported in various tumor cell lines 
CTozer & EverattClln Oncol. 9. 357-264, 1997). 

On account of their Inducible NO^thase-inhibiting properties, the compounds acoording to the 
invention can be employed in human and veterinajy medicine and therapeutics, where an sxoess of NO 
or p2 due to Increases in the acBvl^ of inducible NO^thase is Involved. They can be us^ 

limitation for the treatment and prophylaxis of the following diseases: 

Acute fnflammatoiy.diseases: Septic shoclc. sepsis. SIRS, hemorrt)aglc shocK shock states induced by 
- cytokine therapy (lL-2. TNF). organ transplantaBon and transplant rejection, head trauma, acute lung 
Injury, ARDS. inflammatory skin conditions such as sUhbum, Inflammatory eye conditions such as 
uveitis, glaucoma and ooi^uncQvitts. 

Chronic inflammatory diseases of peripheral organs and the CNS:'gasto«ntestlnal InflammatDiy 
diseases such as Crohn's disease, mflammatory bowel disease, ulcenative coUBs, lung Irrflammatory 
diseases such as asthma and COPD. arthritic disorders such as rheumatoid arteritis, osteoarthritis and 
gouty arthritis, heart disorders such as cardkwnyopathy and myocarditis, artherosklerosis. neurogenic 
Inflammation, sWn diseases such as psoriasis, dennatitis and eczema, diabetes, glonr^emlonephrlbs; 
dementias such as dementias of the Alzheimer's type, vascular dementia, dementia due to a general 
medical condition, such as AIDS-, Paridnson's disease, Huntlngbn's induced dementias. ALS. multiple 
sklerosis: necrotizing vasculitldes such as polyarteritis nodosa, semm stakness. Wegener's 
granulomatosis. Kawasald's syndrom: headaches such as migraine, chronic tension headaches, cluster 
and vascular headaches. posMraumallc stress disorders; pain disorders such as neuropathic pain; 
myoMTdlal and cerebral Isohemfei^perfuslon Ihjury. 

The compounds may also be usefti! In the treatment of cancers that express nitric oidde synthase. 

The Invention further relates to a method for the treatment of mammals, including humans, which are 
suffering from one of the abovementioned Illnesses. The method Is Oharacteriz^ in that a therapeut- 
cally active and pharmacologically effective and tollable amount of one or more of the compounds 
according to me InvenBon Is admlnistered to the ill inaromal. 

The Uivention further relates to the compounds according to the imf ention for use In the treatment 
and/or prophylaxis of KInesses. especially the Illnesses mentioned. 
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The invention also relates to tlie use of Hie compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the illnesses 
mentioned. 

The Invention also relates to the use of the compounds according to the Invention for the preducBon of 
phanDaceutlcai composifions having an iNOS inhibitory adivify. 

The Invention fUf*ermcre relates to pharnnaceutlcal composifions for tiie fteatotient and/or prophylasds 
Of the illnesses mentioned, which contain one or more of the compounds aeconJing to the invention. 

TTie phamraceuHcal compositions are prepared by processes which are known per se and femiliar to 
the person skilled in the art. As pharmaceutical compositions, the compounds according to flia 
Invention (= active compounds) are either employed as such, or preferably m comblnatlwi with suitable 
pharmaceutical auxHiaries and/or exdpients, e.g. in the fonti of tablels. coated tablets, capsules, 
caplets. suppositories, patches (e.9. as TVS), emulsions, suspen^ons, gels or solutions, the active 
compound content advantageously being between 0.1 and 95% and where, by the approprlalB dholee 
of the auxiliaries and/or excipiente, a pharmaceutical administration fbnn (e.g. a delayed release form 
or an enteric fbmi) exactly suited to the active compound and/or to the desired onset of action can be 
achieved. 

The person skilled in Uie art is fammar wntti auxiliaries or «adpients which are suitable for the desired, 
pharmaceutical fonnulaflons on account of hfs/her expert knowledge. In addition to servants, gel for- 
mers, ointment bases and oth^ ac^e compound exdpients, for example antioxidants, dispersants. 
emulslflers. preservatives, solubiiizers, coterants, comptexing agents or penneation promoters, can be 
used. 

The administration of the pharmaceutical compositions according to the Invention may be performed in 
avsjf of the generally accepted modes oiF administration available in the art Illustrative examples of 
suitable modes of admlnlstratton Include Intravenous, oral, nasal, parenteral, topical, transdermal and 
rectal delivery. OrsI and Intravenous delivery are preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to tfie Invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preforably having a diameter of 0.5 to 1 0 ^m, advantagousiy of 2 to 6 |jm. 

Aerosol generation can be earned out, for ©cample, by pressure-driven jet atomizers or ultrasonic 
atomizers, but advantageously by propellant-drfven metered aerosols or propellant'^ree adminlstiah'on 
of mlcronized active compounds from inhalation capsules. 
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Depending on the inhaler system used, in addition to the active compounds the administration fonns 
addltionaity contain the required excipients, such as. for example, propellants (e.g. Frlgen in the case of 
metered aerosols), surface-active substances, emulsffiera, stabilizers, preservatives, flavorings, fillers 
(e.g. lactose In the case of powder inhatere) or. If appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are avaflaWe with which aerosols of 
optimum particle size can be generated and administered, using an inhalation technique which is as 
right as possible for the patient in addition to the use of adaptors (spacers, expanders) and pear- 
shaped containers (ag. Nebulator®. VoIumatlc(§>), and automatic devices emitting a putTer spray 
(Autohalei®), for metered aerosols, In particular in the case of powder inhalers, a number of technical 
solutions are available (e.g. Dlskhaler®. Rotadlsk®. Turtjolraler® or the inhaler described in European 
Patent Application EP 0 505 321), using which an optimal administration of active compound can be 
achieved. 

For flie treatment of dennatoses. the oompounds according to fhe invention are In particular adminlste- 
red In the form of the»e phaimaceutlca compositions whlt^^re suitable for topical application. For tiie 
production of the phannaceuttcal compositions, tiie compounds according to the Invention (= active 
compounds) are preferably mixed vkrtth suitable phannaceutical auxiliaries and further processed to give 
suitable phamaceutlcal fiomiulaBons. Suitable pharmaceutical fbnnulations are. for example, powders, 
emulsions, suspensions, sprays, oils, ointments. fiaUy oinbnents. creams, pastes, gels or solutfons. 

The phannaceuBcal compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds Is carried out In tiie order of magnitude customary for INOS Inhibi- 
tors. Topical application toma (such as ointments) for the trsatmentof demiatoses thus contain the 
active compounds in a concentration of. for example, 0. 1-99%. The dose for administration by 
mhalation Is customarty between 0.1 and 10 mg per day. The customary dose in the case of systemic 
therapy (p.o.) Is between 0.3 and 30 mg/kg per day, (i. v.) is between 0.3 and 30 mg/kg/h. 
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Blotogleal invesKgq^ jnna 

Measurement of inducible NO-^nthase aetlvfly 

The assay is performed in 96-well microHter F-plates (Greiner, Frickenhausen. FRG) In a total volume 
of 100 Ml in the presence of 100 nM calmodulin, 226 \ilA CaCIj. 477 pM MgCb, S m flavin-adenlne- 
dinucleotlde (FAD), S mM flavin mononucleotide (FMN), 0.1 mM NADPH. 7 mM glutathione, 10 fjM BH4 
and 100 mM HEPES pH 7.2. Arginine concentrations are 0.1 pM ftir enzyme Inhibition experiments. 
ISQOOO dpm of I»H]aiglnlne at© added to the assay mixture. Enzyme reaction is started by the addition 
of 4 Mg of a crude cytosoilc fraction containing human inducible NO-synthase and the reaction mixture 
IS incubated for 45 to 60 min at 37»C. Enzyme reaction is stopped by adding. 10 |j| of 2M MES-buffer pH 
5.0. 50 Ml of the incubation mbdure are transfanad into a MADP N6S filtration mRsroUtar plate (Millipore. 
Eschbom, FRG) containing already SO pi of AG-50W-X8 cation eocchange resin (Blorad, tMOnohen, 
FRG). The resin in the Na loaded fbnn is pre-equilibrated in water and 70 mI (conespondlng to 60 pi dry 
beads) are pipetted under heavy sBmng with a 8 channel pipette into the fillrafion plate. After pipetting 
so jil of the enzyme reaction mixture onto the filtration plates, the plates are placed on a filtration 
manifold (Porvafr. Shepperton. UK) and the flow through is collected in Pico scintillation plates 
(Packard. IVIeriden. CT). The rssln In the filtration plates is \Aashed with 75 Ml of water (1x50 pi and lx 
25 Mi) which is also eodeoted in the same plate as the sample. The total flow through of 125 pi is mixed 
with 175 Mi of Microsdnt-40 sdntinafion cocktail (Packard) and the scintiliation plate is sealed with 
Topseal P-toll (Packard), scintmation plates are counted In a sdntliiation counter. 

Forfte measurement Of inducible NO-synthase-irihibiting potencies of compounds incraasing 
concentrations of inhibitors were included into the incubation mixture. ICeirvaiues ware calculated from 
the percent inhibition at given concentrations by nonlinear least square fitting. 

The inhibitory values detennined torthe compounds acconling to the inventton follow liom, the followirfng 
table A, in which Oie compound numbers conespond to the example numbers. 
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Tabid A 

Inhibition of iNOS activtty [measured as -I^ICeD (mol/l)] 



compound 


"lOgiCeo 


1 




Z 




4 




5 


The inhibitory 
values of th^se 
mentioned 


6 


7 


Examples liejn 


8 . 


the range from 
7,18 to 8.15 


9 


10 




11 




12 


- 
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Patent-Claims 



1. 



Compounds of formula I 



R2 



R3 




.R4 



0) 



NH2 



In which 

R1 IS hydrogen or 1-4C-aIkyl, 

R2 is hydrogen, halogen, hydroxyl, nltro, amino, 1-7C-alkyi. trifluoromethyl, 3-7C-ci«:IoalkyI, 3.7c- • 
cydoaikyJ-l -4C-alkyl. 1-4C-ai|a)xy, completely or predominantly fluorine^substituted 1-4C-all«>;qr, 
1-4C-alkoxy-1-4C-allcyI, 1-4C-alkoxy-1-*C-alkoxy, 1-4C-alko>{ycarbonyl, mono- ordI-l-4C- 
alkyiamfnocarbonyl. mono-ordl-1-4(>alkylam1no8ulfonyl, 1-4C-aIkylcarbonylamino, 1-4C 
alkylsulfbnylamino, phenyl, R21- and/or R211-substltuted phenyl, phenyl-l-4C-^lkyl, phenyt-1-4C- 
alKyl wherein the phenyl moiety is siAistituted by R22, phenyl-1-4C-alkoxy, pyrldyi, pyridyl 
. substituted by R23. pyrldyM-4C-alkyl, pyrtdyI-1-4C-alkyI wherein the pyridyl molely is substituted 
by R24, In which 

. R21 is cyano, halogen, carboxyi, 1-4C-aIkyl, 1-4C-alkoxy, amlnocarbonyl, mono- or dl-1-4C- 

alkyjamlnocarbonyl. 1-4C-a|kylcarbonylamlno. 1-4C-aikoxycarbonyt, aminosulfonyl, mono- or dl- 
1-4C-alkirtamlnosulfonyl, amino, mono-ordM-4C-aIkylamino, frifluoromethyl, hydroxy, 
phen^sulfonyiamlno or phenyl-1 >4C-alkoxy, 

R211 is halogen or 1-4C-altoxy, 

R22 Is halogen. 1-4C-alky) or 1-4C-al|coxy, 

R23 Is halogen, 1-4C-alkyl or 1-4C-alko)v, 

F?24 is halogen. 1-4C-aIkyl or 1-«4C-afkoxy. 

R3 is hydrogen, halogen, 1-4C-alkyl or 1-4C-alkoxy, 

R4 Is l-4C-alkyl, 

and the salts, the N-oxIdes and the salts of the N-oxIdes of these compounds. 

2. Compounds of fbnnula i as claimed in claim 1 in which 

R1 is hydrogen or 1-2C-aIkyI. 

R2 is hydrogen, halogen, phenyl, or R21-sub8tituted phenyl. In Whl<^ 

R21 Is 1 -4C-alkjrt, Q«no, halogen, mono- or dH-4C-alkylamftio or trifluorwiethyl, 

R3 Is hydrogen, 

R4 is rnethyl, 

and the salts. Hie N~oxides and the salts of the N-oxides of these compounds. 
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3. Compounds of formula I as claimed In claim 1 1n whfdl 
R1 is hydrogen, methyl or ethyl, 

R2 Is hydrogen, Iodine, bromine, phenyl, or R21 -substituted phenyl, in which 
R21 Is methj^. cyano, cdnlorine, fluorine, dimethjrtaniino or trifluorornethyl, 
^3 is hydrogen, 
R4 Is methyl, 

and the salts, the N-oxldes and the salts of the N-oxIdes of these compounds. 

4. Compounds of formula I accortJing to c4aim 1 in which R4 is methyl, and the salts, the N-oxldes and 
the salts of the N-oxides of these compounds. 

5. Compounds of formula I according to any of ttie proceding clafrns In which R4 is methyl and R1 is 
hydnsgen, and the salts, ttie N-oxides and the salts of the Nkwddes of these compounds. 

4 

6. Compounds of fbrmula I according to claim 1 fbr use in therapy, e.g. for the treatment of diseases. 

7. Pharmapeuflcal compositions containing one or more compounds of fomiula I according to claim 1 
together with nie usual pharmaceutical auxiliaries and/or exciplente. 

8. Use of compounds of fbrmula I according to daim 1 for the production of pharmaceutical 
composlflons fbr the treatment of acute inflammatory diseases. 

9. Use of compounds of fonmula V according to claim 1 for the producfion «rf phamaceutlcal 
compositions for the treatment of chronic inflammatory diseases of peripheral organs and the CNS. 

"10. A method, for treating acute Inflammatory diseases in a patient comprising administering to said 
patient a iherapautjcally effective amount of a compound of fomiula I according to claim 1 . 

11 . A method for treating chronic inflammatory diseases of peripheral organs and the CMS in a patient 
comprising administering to said patient a therapeutically effective amount of a compound of formula 1 
according to clatm 1. 
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Abstract 



The compounds of formula I in whtoh R1, R2, R3 and R4 the meanings as given in the description 
novel effective iNOS inhibitors. 
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